LC-MS/MS-based quantification of efflux transporter proteins at the BBB.
Targeted protein quantification using tandem mass spectrometry coupled to high performance chromatography (LC-MS/MS) has been used to quantify proteins involved in the absorption, distribution, metabolism and excretion (ADME) of xenobiotics to better understand these processes. At the blood-brain barrier (BBB), these proteins are particularly important for the maintenance of brain homeostasis, but also regulate the distribution of therapeutic drugs. Absolute quantification (AQUA) is achieved by using stable isotope labeled surrogate peptides specific to the target protein and analyzing the digested proteins in a triple-quadrupole mass spectrometer in multiple reaction monitoring (MRM) mode to achieve a high specificity, sensitivity, accuracy and reproducibility. The main objective in this work was to develop and validate an UHPLC-MS/MS method for quantification of the ATP-binding cassette (ABC) transporter proteins Bcrp and P-gp and Na+/K + ATPase pump at the BBB. Three isoforms of the α-subunit from this pump (Atp1a 1, 2 and 3) were quantified to evaluate the presence of non-endothelial cells in the BBB using one common and three isoform-specific peptides; while Bcrp ad P-gp were quantified using 2 and 3 peptides, respectively, to improve the confidence on their quantification. The protein digestion was optimized, and the analytical method was comprehensively validated according to the American Food and Drug Administration Bioanalytical Method Validation Guidance published in 2018. Linearity across four magnitude orders (0.125 to 510 pmol·mL-1) sub-pmol·mL-1 LOD and LOQ, accuracy and precision (deviation < 15% and CV < 15%) were proven for most of the peptides by analyzing calibration curves and four levels of quality controls in both a pure solution and a complex matrix of digested yeast proteins, to mimic the matrix effect. In addition, digestion performance and stability of the peptides was shown using standard peptides spiked in a yeast digest or mouse kidney plasma membrane proteins as a study case. The validated method was used to characterize mouse kidney plasma membrane proteins, mouse brain cortical vessels and rat brain cortical microvessels. Most of the results agree with previously reported values, although some differences are seen due to different sample treatment, heterogeneity of the sample or peptide used. Importantly, the use of three peptides allowed the quantification of P-gp in mouse kidney plasma membrane proteins which was below the limit of quantification of the previously NTTGALTTR peptide. The different levels obtained for each peptide highlight the importance and difficulty of choosing surrogate peptides for protein quantification. In addition, using isoform-specific peptides for the quantification of the Na+/K + ATPase pump, we evaluated the presence of neuronal and glial cells on rat and mouse brain cortical vessels in addition to endothelial cells. In mouse liver and kidney, only the alpha-1 isoform was detected.